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@ A laminate film for wrapping comprises a layer (A) of an ethylene-a-olefin copolymer having a 
coefficient of variation of composition distribution (Cx) represented by the equation below of 0.40 or 
less and having an ethylene content of 50 mol% or more and at least one layer of a different kind ; 

Cx = a/SCB^ 

wherein a is a standard deviation of composition distribution (1/1000C), and SCBgye is an average of the 
number of short chain branchings per 1000C (1/10G0C). 

The production of the copolymer is described, and copolymers of ethylene or propylene and an 
a-defin or of propylene and ethylene which are suitable as the different kind of layer. 

The film is safe and hygienic, has low odor and excellent in transparency, mechanical strength, 
softness, and low-temperature heat sealing properties and is therefore suitable to automatic wrapping, 
particularly stretch-wrapping. 
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h^il!'! inV ! nti .°I! relateS t0 3 ' aminate fM f0f Wappinfl and more Particularly to a laminated wrapping film 
2T2!r i y9 ! en ' C IOW deve,0pment of odOT - transparency, mechanical strength, softness and 
low-temperature sealing properties as well as suitability to automatic wrapping 

^ Jl?^ r i0US *?**2 * echni< " jes usi "9 a film ' for example, bag sealing, overwrapping, stretch- 
wrapping and skmwrappmg, which are selected so as to take full advantage of the film used. In these wrapping 

£ 1 7"^ 8 k? m9 „ aye K ,lm " Sin9 3 9 enera| -P ur P° s e P°'^eric resin, such as polyethylene, polypropylene 
or polyvinyl chloride, has been widely employed. y 

However, cases are increasing in which these conventional films fail to cope with the recent increase or 

^ n il ;k SU 38 veg f ables ' fruits ' fishes ' mea * and cooked foods, either as they are or placed 
tan! ^ * a Wrappm9 film ' il has been h °P ed "«* ethylenic polymers such as low-density polyethy- 
chlLr^ e r V, "I ^ copo| y mers can be used * ^stitutes ^ conventionally employed polyvinyl 
reconsideration of safety and environmental conservation. However. fiL solely cZ 
proingalow-densrty polyethylene resin cannot satisfyall the requirements demanded, e.g., self-tack, low-tem- 
perafcre sealing properties, softness and mechanical strength. Films of an ethylene-vinyl acetate copoC^r 
with te vinyl acetate content, molecular weight, etc., being suitably selected, would be freed to some eSen 

IZZtZ^T^ ^JT aSS0Ciated With the '° W - denSity P0,yethy,ene fi,ms " Howeve whenC 
are used in stretch-wrappmg of sharp-edged foods or trays, they are easily torn on a sharp edge 

inJlrtt P ! JrP ° Se ° f Sat ! Sfyin9 a " * he ret " jiremente of a film, a laminate film composed of a specific 

Sr D l^H yer HT 9 T "? 60 0n b ° th Sid6S there ° f 3 ,ayer 0f an ^"ylene-viny. acetate copolymer has 
JaoaneTrinf ^ '"u ** eXamP ' e ' Jf> - A " 61 - 44635 I™ JP-A means an unexamined published 
S a ^ P !S app,1Catl0n) - " owever ' these laminate a «N involve disadvantages, such as development 

oooSZ^^ 

or operation on an automatic wrapping line. 

An object of the present invention is to provide a wrapping film, and particularly a stretch-wrappinq film 

ert.es and softness, and also has excellent low odor development, transparency and mechanical strength 

and ™«rL' nVe C ° ndUCted eXte " SiVe inves «9 a «^ on a wrapping film which is less odorous 

*>nsparency, satisfactory mechanical strength, and low-temperature heat sealing properties 
fti t^ ^ 0ther ^PP'.^ P~Per«es conventionally achieved. As a result, it has been found tteta laminate 
film having a layer compnsing a specific ethylene-a-olefin copolymer exhibits excellent performance pro D er 
bes as a wrapping film. The present invention has been completed based on this finding 
tan J he j! f m ' nate f , ilm for k wa PP in 9 accordi r-g to the present invention comprises a layer compnsing an ethy- 

onmshl^ 
o?aSfereTki n r 

Cx = c/SCB^ (1) 

r 8 1 ^ d6Viati0n ° f COmposition distribution (1/1000C), and SCB^ is an average of the number 
of short chain branchings perl O0OC (1/1 000C). 

The wrapping film of the present invention is especially suitable for stretch-wrapping 
In the accompanying drawings: 

rS^toES^^T^ fraCti ° n el, " in9 temperatUre ° f an e tnvlene-butene-1 copolymer (A- 

Figure 2 is a graph showing the relationship of SCB, and RH, as calculated from Fig 1 

The ethylene-a-olefin copolymer (A) which can be used in the present invention has a coefficient of va- 

nabon , in composite distribution (Cx) of 0.40 or less, preferably 0.30 or less, and more preferably SrTess 
The ethylene content of copolymer (A) is at least 50 mol%, and preferably 70 mcW or more 

h fl « £?! f'f ^ erab,y c ° ntains < a i). from 2 to 20 mol% of an a-olefin having from 3 to 10 carbon atoms 

and »h °- 87 ° * 0 915 ^ and Sh ° WS ^ i,S maximum paak of ^ion at 60<C or higher 

and less than 1 00»C as measured with a differential scanning calorimeter (DSC), with the proportion of the 

heat of fusion at that peak in the total heat of fusion being at least 0 8 

With respect to property (a,), the content of a C 10 a-olefin is preferably from 2 to 20 mol%. From the 
standpoint of the balance between transparency and rigidity of the laminate film, the C^ 10 a-olefin content is 
more preferably from 4 to 10 mo.%. Specific examples of the C, 10 a-olefin are propylene! bu«ene-1, penton* 
l^Zt ^fW-t* 1 * 6 "*- 1 ' octene -1. a "d ^res thereof. Of these a-olefins. propylene is relatively 
less effective, and those having 4 or more carbon atoms are preferred. Among others, butene-1 hexane- 
4-methyl-pentene-1andoctene-1are more preferred from the standpoint not only availability but'the quality 
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of the resulting copolymer. 

With respect to property (a 2 ), copolymer (A) preferably has a density of from 0.870 to 0.91 5 g/cm 3 . From 
the standpoints of surface conditions and tow-temperature heat sealing properties of the resulting laminate 
film, a density of from 0.890 to 0.910 g/cm 3 is more preferred. 

5 With respect to property (a 3 ), copolymer (A) preferably shows its maximum peak of fusion at a temperature 

of 60°C or higher and less than 1 00°C as measured with DSC, with the proportion of the heat of fusion at that 
peak in the total heat being at least 0.8, from the standpoint of transparency and impact strength of the resulting 
laminate film. A plurality of peaks of fusion may be observed within the above-specified temperature range. 
In the present invention, the ethylene-a-olef in copolymer (A) is used for the purpose of improving the bal- 

10 ance among low odor development, softness, transparency and mechanical strength. Copolymer (A) can be 
obtained by, for example, the process described in JP-A-2-77410. That is, copolymer (A) is prepared by co- 
polymerizing ethylene and an a-olefin having 3 to 10 carbon atoms at an ethylene/a-olef in molar ratio of from 
35/65 to 60/40 in a hydrocarbon solvent in the presence of a catalyst system comprising (i) a vanadium com- 
pound represented by formula VOfOR)^ n , wherein R represents a hydrocarbon group; X represents a ha- 
ts logen atom; and 0<n<3, as a transition metal component, (ii) an organoaluminum compound represented by 
formula R' m AfX3. m , wherein R' represents a hydrocarbon group; X represents a halogen atom; and 1<m<3, 
as an organometallic component, and (iii) an ester compound represented by formula R'*(C=0)OR"\ wherein 
R" represents an organic group having from 1 to 20 carbon atoms, partly or wholly substituted with a halogen 
atom; and R"' represents a hydrocarbon group having from 1 to 20 carbon atoms, as a third component (here- 

20 inafter referred to as M), at an Af/V molar ratio of 2.5 or more and an M/V molar ratio of 1.5 or more and at a 
polymerization temperature of from 40 to 80°C in a system comprising a hydrocarbon solvent-insoluble polymer 
(slurry phase) and a hydrocarbon solvent-soluble polymer (solution phase). Copolymer (A) can also be ob- 
tained in the same manner as described above, wherein a vanadium compound obtained by reacting vanadium 
trichloride with an alcohol is used as transition metal component (i). 

25 At least one layer of a different kind which is laminated on the layer of copolymer (A) preferably includes 
a layer comprising a thermoplastic resin or a composition thereof, and more preferably an olefin type thermo- 
plastic resin or a composition thereof. 

Specific examples of suitable olefin type thermoplastic resins or compositions thereof include low-density 
polyethylene (LDPE), linear low-density polyethylene (LLDPE), very-low-density polyethylene (VLDPE), high- 

30 density polyethylene (HDPE); ethylene copolymers, e.g., an ethylene-vinyt acetate copolymer (EVA) or a sa- 
ponification product thereof (EVOH), an ethyleneethyl acrylate copolymer (EEA), an ethylene-methyl metha- 
crytate copolymer (EMMA), an ethylene-glycidyl methacrylate copolymer (EGMA), an ethylene-maleic anhydr- 
ide copolymer (EMAH), and an ionomer resin; polypropylene, a propylene-ethylene copolymer, a propylene- 
butene-1 copolymer, a propylene-ethylene-butene-1 copolymer (random or block copolymer); and mixtures 

35 thereof. 

Among others, copolymers (B) to (G) shown below, and particularly copolymers (B) to (D), are preferred 
as materials for the other layers to be laminated. 

(B) Propylene-a-olef in copolymers having (b,) a content of an a-olefin having 4 or more carbon atoms of 
from 8 to 35 mol%, (b^ an ethylene content of 5 mol% or less, and (b 3 ) a cold xylene-soluble matter (hereinafter 
40 referred to as CXS) of from 1 0 to 70% by weight 

The C s4 a-olefin content in propylene-a-olef in copolymer (B) is preferably from 8 to 35 mol%, and more 
preferably from 10 to 25 mol% from the standpoint of the balance between softness and surface conditions 
of the resulting film. 

Examples of the C^ a-olefin are butene-1, pentene-1 , hexane-1, 4-methyl-pentene-1, octene-1, and com- 
45 bination thereof. Where copolymer (B) is prepared by gas phase polymerization, butene-1 is preferred because 
it is hardly liquefied and therefore allows to increase the partial pressure. 

The ethylene content of propylene-a-olef in copolymer (B) is preferably 5 mol% or less, and more preferably 
3 mol% or less from the standpoint of less variation in film transparency with the passage of time. 

The CXS of propylene-a-olef in copolymer (B) is preferably from 10 to 70% by weight, and more preferably 
50 from 12 to 65% by weight in view of the balance of softness and surface conditions of the resulting film. 

Propylene-a-olefin copolymer (B) having the above-described properties can be prepared by any poly- 
merization technique, such as solution polymerization or gas phase polymerization, using a Ziegler-Natta cat- 
alyst generally employed for stereoregular polymerization of a-olefins, i.e., a catalyst system comprising Group 
IV to VIII transition metal compound and Group I to II typical metal organic compound in the Periodic Table 
55 and, for preference, an electron-donating compound as a third component. For example, the processes dis- 
closed in JP-A-63-19255 (Example 1) and JP-A-60-7651 5 can be adopted. 

If desired, propylene-a-olefin copolymer (B) may be used as a blend with an ethylene-propylene copolymer 
having an ethylene content of from 3 to 10 mol% or a polyethylene resin as long as the effects of the present 



3 



EP 0 580 377 A1 



invention are not impaired. The terminology "polyethylene resin" as used herein means a conventional ethy- 
lene-based polymer, such as high-pressure polyethylene and a copolymer of ethylene and an a-olefin having 

4 or more carbon atoms. a 

n J C l r ropyle r? thy,ene ^P 01 ^" 3 ^ < c .) an ethylene content of from 3 to 12 mol% and «*) a minimum 
peak of fusion at a temperature of 130°C or more as measured with DSC 

frm JlT^TV^f prop y' ene " ethy,ene (C) is Preferably from 3 to 12 mol%, and more pre- 

ferably from 4 to 7 mol%, from the standpoint of film softness and prevention of stickiness 

Jn J t n h t yle ft n t] ) n l,te , n % 1 ?T lynier havi "9 < d i) an ^ne content of 50 mol% or more. ( d2 ) a density of 

Svc , , 9/C ^' <d3> 3 PMk ° f fUSi ° n 3t 3 tem P eratu ^ of 100-C or more as measured with DSC 
and (d 4 ) an CXS of from 5 to 50% by weight. 

fo «w he ™ hy, ,t ne C0ntent 5 et "y'ene-butene-1 copolymer (D) is preferably 50 mol% or more, and more pre- 
ferably 70 mol/, or more. The density of copolymer (D) is preferablyfrom 0.870 to0.910g/cm3, and more pre- 
ferably from 0.890 to 0.91 0 g/cm3, from the consideration of balance of the physical parties. F Jm 
pent of prevention of holes on heat sealing, ethylene-butene-1 copolymer (D) preferably showTte minimum 
peak of fus,on at 100-C or higher in the DSC thermogram in temperature ise.A plurality of plksTZn 
S 9 ^" wrthrn the above-specified temperature range. The CXS is preferably from 5 to 50% by 
Z 9 iif py^ " ?' y 2T 20 10 45% by W6i9ht ' in Vi6W ° f SOftness and P'ocessability of the resulting 

5 from 1 00 to 90o"nm ym6r W ^ * C ° mP ° nentS h3V,n9 3 avera9 * " )olecu,ar 

(E) Ethylene-butene-1 copolymer (E) having (e,) an ethylene content of 50 mol% or more, (e,) a density 

as f ras m urS wftnDSC °^ 

fr Jr ^ h ? en tT 0l ! fin co P° ly,T,ernavin 9 ( f i> an •"*"»"• content of 50mol% or more, fc) an a-olefin having 

5!i!5i JET" ' ( 3 i ^ ° f fr ° m ° 870 10 °- 935 9/cm3 ' « a P eak of fuai °" a < a temperature 
of 100°C or more as measured with DSC, and (f 5 ) a CXS of from 1 to 25% by weight 

and EoSf 6thylene C ° POlymerS (G) h3Ving a " ethylene content of 50 mol% °"™>re, such as EEA, EMMA, 

ttJUHT^S 9 f °! HUTU! inVenti °" com P rises at least teyere, one of which is a layer comprising 

tXSL J\ „ C ° P ^ (A> - t0t3 ' thiCkn6SS ° f the laminate film is P referab| y fr° m 6 to 40 m, with 
the thickness of the layer of copolymer (A) being preferably at least 1 m 

n„i Jlf^m f ' !°: eXample ' f0r tne purpose of eontolllng stretchability or self-tack, copolymer (A) or other co- 

^ZS ] , t ?' ^. may C ? t3 ' n 3 f3tty 3Cid 6Ster between an alipnatic alcoho1 na ™g from 1 to 12 carbon 
atoms and a fatty acid having from 10 to 22 carbon atoms. 

nr^Il^'lf * "5 °' ^ ^ ** pr0duced Dy neat laminatin 9 a plurality of films separately 

y ;J ! USi ° n ' T " die 6XtrUSi0n ° r the Mke fi,m f0rmin 9 tecnni£ ' ue or * "o-extrusion of two 
11 Th * ° r 5T 3yere ° f tW ° diff6rent kindS by blown - f ilm extrusion or T " die «*«**»". It is also pos- 

^rrzrnr-^ 

Where the wrapping film is required to have shrinkability, the laminate film is preferably stretched either 
un.ax,a..y or b.axially. Uniaxial stretching is preferably conducted by conventional noil stretching SSsfretoh^ 

mg in another direction or by simultaneous stretching such as tubular stretching 

The present invention will now be described in greater detail with reference to Examples. The percentages 
are by weight unless otherwise indicated. percentages 

test meSoi PrOPerfeS * *"* C0P0lymerS ° rfi,ms prepared were measured accordance with the following 

1) Butene-1 Content in Copolymer (A): 

Measured from a material balance. The results obtained received confirmation by quantitative determina- 
tion from the characteristic absorption at 770 cm-i with an infrared spectrophotometer 

2) Ethylene Content in Copolymers (B) to (D): 

titativllTmi!^ TT D3l3nCa Th6 reSUltS ° bt3ined f0r C0p0lymer < C > received confirmation by quan- 
titative determination from the character**: absorption at 732 cm-i and 720 «H wit h an infrared spectrophot- 
ometer. The measurements with an infrared spectrophotometer were made with reference to a calibration curve 
prepared by dosimetry of a "C-labeled ethylene copolymer canoraaon curve 
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3) Cold-Xylene Soluble Matter (CXS): 

A polymer weighing 5 g was dissolved in 500 ml of boiling xylene followed by slowly cooling to room tem- 
perature. After allowing to stand in a bath kept at 20°C for 4 hours, the solution was filtered, and the filtrate 
5 was concentrated to dryness, dried, and weighed. 

4) Melt Flow Rate (MFR): 

Measured in accordance with JIS K6760 as for ethytene-a-olefin copolymer (A) and ethyl en e-butene-1 
10 copolymer (D) or JIS K6758 as for propylene-a-olef in copolymer (B) and propylene-ethylene copolymer (C). 

5) Density. 

Measured according to JIS K6760. Measurements were made after annealing in boiling water (1 00°C) for 
15 1 hour. 

6) Differential Thermal Analysis with DSC: 

6-1) Forethylene-a-olefin copolymer (A) and ethylene-butene-1 copolymer (D): 
20 Model DSC-7 manufactured by Perkin-Elmer Co. was used. A specimen weighing about 10 mg cut 

out of a hot-pressed sheet having a thickness of about 0.5 mm was put in a sample pan, preheated at 1 50°C 
for 5 minutes, cooled to 40°C at a rate of 10°C/min, maintained at that temperature for 5 minutes, and then 
heated up to 1 50°C at a rate of 1 0°C/min to prepare a thermogram. 
6-2) For propylene-a-olef in copolymer (B) and propyleneethylene copolymer (C): 
25 DSC-7 was used. A specimen weighing about 10 mg cut out of a hot-pressed sheet having a thick- 

ness of about 0.5 mm was put in a sample pan, preheated at 200°C for 5 minutes, cooled to 40°C at a rate 
of 10°C/min, maintained at that temperature for 5 minutes, and then heated up to 180°C at a rate of ' 
20°C/min to prepare a thermogram. 

30 7) Haze (%): 

Measured according to ASTM D1003. The smaller the value, the higher the transparency. 

8) Tensile Strength at Break (kg/cm 2 ) and Tensile Elongation (%): 

35 

Measured in both machine direction (MD) and transverse direction (TD) in accordance with JIS K6781. 

9) Young's Modulus (kg/cm 2 ): 

40 Measured in both MD and TD according to ASTM D882 under the following conditions. The smaller the 

value, the higher the softness. 

Specimen: 20 mm wide and 120 mm long strip 
Distance between chucks: 50 mm 
Pulling speed: 5 mm/min 

45 

10) Self-Tack (kg/1 2 cm 2 ): 

Two films were superposed with an overlap of 30 mm x 40 mm. After imposing a load of 500 g on the over- 
lap for 30 minutes, the films were pulled apart by means of a Schopper tensile tester at a pulling speed of 200 
so mm/min to measure a peel strength under shear. 

11) Heat-Sealing Strength (kg/15 mm): 

Two films were superposed and heat sealed over a seal width of 10 mm at 100°C and under a seal area 
55 pressure of 1 .0 kg/cm 2 for 1 .0 second by means of a heat sealer manufactured by Tester Sangyo Co., Ltd. A 
15 mm wide strip was cut out across the seam, and a 1 80° peel strength was measured with a Schopper tensile 
tester at a pulling speed of 200 mm/min. 
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12) Coefficient of Variation of Composition Distribution (Cx): 
Construction of Testing Equipment 

On-line degasser Model ERC-3322 manufactured by Elmer Co. 

Pum P : Model CCPM manufactured by Toso Co., Ltd. 

Electric switching valve: Model MV-8011 manufactured by Toso Co., Ltd. 

Pouring valve: Model M3-1/16-V6-P-SS manufactured by Valco Co., Ltd. 

Column oven: Model SSP-43CR-43CR-A manufactured by Kato Co., Ltd. 

Detector Model FT/IR-1760X manufactured by Perkin-Elmer Co. 

Fraction collector: Model MV801 OK manufactured by Toso Co., Ltd. 

System controller Model SC-8010 manufactured by Toso Co., Ltd. 

Test Conditions: 

Solvent: o-dichlorobenzene 

Column: 21 mm diameter x 1 50 mm length 

Filler: glass beads of 500 to 700 urn 

Sample concentration: 1% 

Amount of sample solution poured: 6 m£ 

Flow rate of liquid: 2.5 mf/min 

Steps of eluting temperature: 38 steps from -1 0°C to 1 05°C 

Eluting temperature (Ti): -10, 0, 5, 10, 14, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45, 48, 51, 54, 57, 60, 

63, 66, 69, 72, 75, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 101, and'l05 
(°C) 

The flow path down the column oven was heated at 145°C. Before passing the solvent through the column, 
the solvent was preheated in a flow channel of about 20 mf provided in the column oven. 
FT/IR Condition: Resolving power 8 cm- 1 

Flow cell: KBr-made window; cell 

length: 0.5 mm; heated solution flow cell. 

Method of Measurement: 

(i) Preparation of Sample Solution: 

A solution of a sample in a prescribed concentration was prepared and heated at 145°C for 4 hours 
to dissolve the sample. 

(ii) Procedure of Temperature Rise Fractionation: 

1 . A sample solution heated to 145°C was positioned at the center of the column set in the column oven 
heated at 145°C by means of a pouring valve and a pump. 

2. The temperature of the column oven was lowered from 145°C to 90°C at a cooling rate of 0 92°C/min 
and from 90°C to -10<>C at a cooling rate of 0.25°C/min while retaining the sample solution at the center 
of the column. 

3. The column was kept at -10°C for 2 hours. 

4. A solvent was passed into the FT/IR flow cell through the flow path by-passing the column by means 
of a pump, and an FT/IR background was measured (number of integrations: 50). After the background 
measurement, the pump was stopped. 

5. The solvent was made ready to flow through the column, and FT/IR measurement was started simul- 
taneously with making the solvent to flow through the column by the pump. 

Solvent feed time: 25 min 

FT/IR integrating time: 25 min (number of integrations: 625) 

6. The FT/IR spectrum obtained was saved in a floppy disc. 

7. After the solvent passed, the column oven temperature was elevated to the next eluting temperature 
and maintained for 1 5 minutes. 

8. The cycle consisting of the above procedures 4 to 7 was repeated for every eluting temperature. 

9. Finally, the column oven temperature was raised to 145°C, and a solvent was passed for 25 minutes 
by means of the pump. 

Data Processing: 

1 . The peak area (S,) of the FT/IR spectrum within an IR wavenumber of from 2983 to 281 6 crrr 1 was ob- 
tained. 
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2. Corrections for the irregular intervals of eluting temperatures were made according to equations (2) and 
(3) shown below. 

H, = (SS,-2S fl . dJ/OW d) (2) 
RHi = H^Hix100(%) (3) 
5 wherein RHi: relative concentration 

3. The composition was calculated according to equation (4): 

SCBi = 59.70 - 0.599 xTi(1/1000C) (4) 
wherein Ti: eluting temperature; SCBi: the number of short chain branchings per 1000C. 

4. SCBi was plotted against RHi to obtain a composition distribution curve (see Fig. 2). 

10 5. From the composition distribution curve was obtained Cx representing the breadth of the distribution 

according to equations (5) and (6): 

SCB^ = (SCBixRHi)/IRHi(1/1000C) (5) 
Cx = a/SCB avo (6) 
wherein a: standard deviation of composition distribution (SCBi) 

15 

EXAMPLE 1 

(1) Preparation of Ethylene- Butene-1 Copolymer (A): 

An n-hexane solution of ethylene and an n-hexane solution of butene-1 each at a prescribed concen- 

20 tration were continuously fed to the lower part of a 200 I stirred tank reactor at the respective constant 
feed rate with the total n-hexane feed rate being set at 80 kg/hr. Through a separate feed line, vanadyl 
trichloride, ethylaluminum sesquichloride, and n-butyl perchlorocrotonate were continuously fed thereto 
at the respective constant feed rate. The inner temperature of the reactor was maintained at 40°C or 50°C 
by circulating cooling water through a jacket around the reactor. The polymerization liquid was continuously 

25 withdrawn from the upper part of the reactor so that the reactor might be always filled up with the liquid. 
A small amount of methanol was added to the polymerization system to stop the reaction. After removal 
of the monomers and washing with water, the solvent was recovered by stripping with steam to take out 
a solid polymer, which was then dried under reduced pressure at 80°C to obtain ethyl ene-butene-1 copo- 
lymer (A- 1) or (A-2). The polymerization conditions, the copolymer production rate, and physical properties 

30 of the resulting copolymers are shown in Table 1 below. 

The cumulative peak area (ESi) vs. eluting temperature (Ti) of copolymer (A- 1) is shown in Fig. 1. The 
relationship between SCBi (the number of short chain branchings per 1000C) and RHi (relative concen- 
tration) calculated from Fig. 1 according to equations (2) to (4) is shown in Fig. 2. The coefficient of variation 
of composition distribution Cx as used in the present invention is to represent the breadth of the curve of 

35 Fig. 2. 
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TABLE 1 







Copolymer (A) 


5 




A-1 


A-2 




Polymerization Conditions: 








Ethylene feed rate (kg/hr) 


1.4 


3.5 


10 


Butene-1 feed rate (kg/hr) 


0.6 


3.1 




Vanadyl trichloride (g/hr) 


0.002 


0.07 




Ethylaluminum sesquichloride feed rate (g/hr) 


1.2 


1.5 


15 


n-butyl perchlorocrotonate feed rate (g/hr) 


0.72 


0.4 




Reaction temperature (°C) 


40 


50 




Copolymer production rate (kg/hr) 


1.4 


1.8 


20 


Properties of Copolymer 








Butene-1 content (mol%) 


5.0 


4.6 




Density (g/cm 3 ) 


0.906 


0.909 


25 


MFR(190°C) (g/10min) 


2.1 


1.7 




Temperature of DSC maximum peak of fusion (°C) 


92.9 


96.5 




Heat of fusion at the peak/total heat of fusion ratio 


1.0 


1.0 


30 


Coefficient of variation of composition variation (Cx) 


0.18 


0.20 



(2) Preparation of Laminate Film: 

A resin composition comprising 98.0% of ethylene- butene-1 copolymer (A-1) and 2.0% of monogly- 

cerol oleate was kneaded at 1 70°C in an extruder having a diameter of 50 mm and an L/D ratio of 28. 

Separately, propylene- butene-1 copolymer (B-1) having a butene-1 content of 17.3 mol% and a CXS of 
29.6% which was prepared by the process described in JP-A-60-76515 was kneaded at 200°C in an extruder 
having a diameter of 50 mm and an L/D ratio of 28. 

Both the molten resins were introduced into a blown-film extruder with a three-layered blown-film die hav- 
ing a die diameter of 150 mm and a die lip of 1.2 mm (manufacturer Placo Co., Ltd.) with copolymer (B-1) as 
an intermediate layer and copolymer (A-1) as upper and lower layers, and blown-film extrusion was conducted 
at a die temperature of 200°C and a blow-up ratio of 3.0 to prepare a laminate film having a three-layer struc- 
ture, each layer having a thickness of 5 u.m to give a total thickness of 15 ^m. 

Various physical properties of the resulting film are shown in Table 2. The odor of the film was as low as 
giving rise to no problem on practical use. 

EXAMPLE 2 

A 1 5 urn thick laminate film was prepared in the same manner as in Example 1 , except for replacing pro- 
pylene-butene-1 copolymer (B-1) with propylene-butene-1 -ethylene copolymer (B-2) having a butene-1 con- 
tent of 12.5 mol%, an ethylene content of 1.4 mol%, and a CXS of 32.7% which was prepared by the process 
disclosed in JP-A-60-76515. The physical properties of the resulting film are shown in Table 2. The odor of 
the film was sufficiently low for practical use. 

EXAMPLE 3 

A 15 jam thick laminate film was prepared in the same manner as in Example 1 , except for replacing ethy- 
lene-butene-1 copolymer (A-1) with copolymer (A-2). The physical properties of the resulting film are shown 
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in Table 2. The odor of the film was sufficiently low for practical use. 
EXAMPLE 4 

5 A 1 5 \xm thick laminate film was prepared in the same manner as in Example 1, except for replacing pro 

pylene-butene-1 copolymer (B-1 ) with propylene-ethylene copolymer (C-1) having an MFR (230°C) of 3.0 g/10 
min, an ethylene content of 7.0 mol%, and a DSC minimum peak of fusion at 1 37°C ("SUMITOMO NORBLENE" 
produced by Sumitomo Chemical Co., Ltd.). The physical properties of the resulting film are shown in Table 
2. The odor of the film was sufficiently low for practical use. 

10 

EXAMPLE 5 

A 15 thick laminate film was prepared in the same manner as in Example 4, except for replacing ethy- 
lene-butene-1 copolymer (A-1) with copolymer (A-2). The physical properties of the resulting film are shown 
15 in Table 2. The odor of the film was sufficiently low for practical use. 

EXAMPLE 6 

A 15 urn thick laminate film was prepared in the same manner as in Example 1, except for replacing pro- 
20 pylene-butene-1 copolymer (B-1) with ethylene-butene-1 copolymer (D-1) having an MFR (190°C) of 2 g/10 
min, an ethylene content of 93.2 mol%, a density of 0.900 g/cm 3 , a DSC minimum peak of fusion at 115°C, 
and a CXS of 22% ("EXCELLEN VL200" produced by Sumitomo Chemical Co., Ltd.). The physical properties 
of the resulting film are shown in Table 2. The odor of the film was sufficiently low for practical use. 

25 EXAMPLE 7 

A 15 um thick laminate film was prepared in the same manner as in Example 1, except for replacing pro- 
pylene-butene-1 copolymer (B-1) with ethylene-butene-1 copolymer (D-2) having an MFR (190°C) of 0.8 g/10 
min, an ethylene content of 90.8 mol%, a density of 0.890 g/cm 3 , a DSC minimum peak of fusion at 114°C, 
30 and a CXS of 43% ("EXCELLEN EUL1 30" produced by Sumitomo Chemical Co., Ltd.). The physical properties 
of the resulting film are shown in Table 2. The odor of the film was sufficiently low for practical use. 

COMPARATIVE EXAMPLE 1 

35 A 15 um thick laminate film was prepared in the same manner as in Example 1, except for replacing ethy- 
lene-butene-1 copolymer (A-1 ) with an ethylene-vinyl acetate copolymer (EVA) having a vinyl acetate content 
of 15% and an MFR (190°C) of 2.0 g/10 min ("EVATATE H2011" produced by Sumitomo Chemical Co., Ltd.). 

The physical properties of the resulting film are shown in Table 3 below. The film gave off an acetic acid 
odor and had poor transparency. Therefore, the film was unacceptable for practical use. 

40 

COMPARATIVE EXAMPLE 2 

A 15 jim thick film was prepared in the same manner as in Example 4, except for replacing ethylene-bu- 
tene-1 copolymer (A-1) with propylene-ethylene copolymer (C-1). That is, the resulting film solely comprised 
45 copolymer (C-1). The physical properties of the film are shown in Table 3. While the odor of the film was suf- 
ficiently low, it was poor in transparency, softness, self-tack, and heat-sealing properties and was therefore 
unacceptable for practical use. 

COMPARATIVE EXAMPLE 3 

50 

A 15 um thick film was prepared in the same manner as in Example 6, except for replacing ethylene-bu- 
tene-1 copolymer (A-1) with ethylene-butene-1 copolymer (D-1) having a Cx of 0.44. That is, the resulting film 
solely comprised copolymer (D-1). The physical properties of the film are shown in Table 3. While the odor of 
the film was sufficiently low, it was poor in transparency, softness, self-tack, and heat-sealing properties and 
55 was therefore unacceptable for practical use. It is noted that the Cx of the ethylene-butene-1 copolymer used 
is out of the range specified in the present invention. 
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COMPARATIVE EXAMPLE 4 

A resin composition comprising 98.0% of ethylene-butene-1 copolymer (D-1) and 2.0% of monoglycerol 
oleate was kneaded at 170°C in an extruder having a diameter of 50 mm and an L/D ratio of 28. 

The molten resin and propylene-ethylene copolymer (C-1) in a molten state were fed to the same blown- 
film extruder as used in Example 1 with copolymer (C-1) as an intermediate layer and copolymer (D-1) as upper 
and lower layers, and blown-film extrusion was conducted at a die temperature of 200°C and a blow-up ratio 
of 3.0 to prepare a laminate film having a three-layer structure, each layer having a thickness of 5 urn to give 
a total thickness of 15 jun. 

Various physical properties of the resulting laminate film are shown in Table 3. While the odor of the film 
was sufficiently low, it was poor in transparency, softness, self-tack, and heat-sealing properties and was 
therefore unacceptable for practical use. Similarly to Comparative Example 3, the Cx of the ethylene-butene- 
1 copolymer used is out of the range specified in the present invention. 
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TABLE 3 





Compar. Exam- 
ple 1 


Compar. Example 2 


Compar. Example 3 


Compar. Example 4 


Layer Structure: 










Both outer lay- 
ers 


EVA 


C-1 


D-1 


D-1 


Intermediate 
layer 


C-1 


C-1 


D-1 


D-1 


Physical Prop- 










erties: 










Haze (%) 


4.5 


1 o 

o.o 




a n 


Tensile 










strength 
(kg/cm 2 ) 
(MD/TD) 


430/410 


560/520 


450/440 


480/450 










Tensile elonga- 










tion (%) 

l\\Jl 1 ^ f%) J 


510/520 


330/350 


390/410 


370/380 


(MD/TD) 










Young's modu- 










lus (kg/cm 2 ) 


1260/1050 


1840/1790 


1330/1300 


1480/1450 


(MD/TD) 










Self-tack (kg/12 
cm 2 ) 


0.75 


0.05 


0.53 


0.47 


Heat-sealing 










strength (kg/15 


2.2 


0.0 


0.4 


0.3 


mm) 











As described and demonstrated above, the present invention provides a wrapping film having not only suit- 
ability to automatic wrapping, I.e., slip, self-tack, heat-sealability, and softness, but also excellent transparency 
and high mechanical strength and is less odorous. 



Claims 

1. A laminated film suitable for wrapping which comprises a layer comprising (A) an ethylene-a-olef in co- 
polymer having a coefficient of variation of composition distribution (Cx) represented by the equation be- 
low of 0.40 or less and having an ethylene content of 50 mol% or more, and at least one layer of a different 
kind; 

Cx = a/SCBave 

wherein a is a standard deviation of composition distribution (1/1000C), and SCB avo is an average of the 
number of short chain branchings per 1000C (1/1000C). 

2. A laminated film as claimed in Claim 1 , wherein said ethylene-a-olef in copolymer (A) contains from 2 to 
20 mol% of an a-olef in having 3 to 10 carbon atoms, has a density of from 0.870 to 0.915 g/cm 3 , and shows 
its maximum peak of fusion at60°Cor higher and less than 100°C as measured with a differential scanning 
calorimeter, with the proportion of the heat of fusion at that peak in the total heat of fusion being at least 
0.8. 

3. A laminated film as claimed in Claim 1 or 2, wherein said layer of a different kind is a layer comprising (B) 
a propylene-a-olefin copolymer having a content of an a-olef in having 4 or more carbon atoms of from 8 
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to 35 mol%, an ethylene content of 5 mol% or less, and a cold xylene-soluble matter of from 10 to 70% 
by weight 

A laminated film as claimed in Claim 1 or 2, wherein said layer of a different kind is a layer comprising (C) 
a propylene-ethylene copolymer having an ethylene content of from 3 to 12 mol% and a minimum peak 
of fusion at a temperature of 130°C or more as measured with a differential scanning calorimeter. 

A laminated film for wrapping as claimed in Claim 1 or 2, wherein said layer of a different kind is a layer 
comprising (D) an ethylene-butene-1 copolymer having an ethylene content of 50 mol% or more, a density 
of from 0.870 to 0.910 g/cm 3 , a peak of fusion at a temperature of 100°C or more as measured with a 
differential scanning calorimeter, and a cold xylene-solublematter of from 5 to 50% by weight. 

Use of a film as claimed in any preceding claim, for stretch-wrapping. 
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1, 

1 



FIG 1 
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FIG 2 
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